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Abstract
In this paper we describe the "i|o cards", a tool comprising 31 paper cards
that enables participants from different backgrounds to engage in creative
collaborative activities in the design of interactive artifacts. These artifacts
comprehend a wide range of design products in which physical instance and
electronic behavior are integrated. Three workshops are described to
illustrate different contexts and methods where the tool was already applied.
The data gathered in the activities was used to improve the cards and to
attest its role in improving certain aspects of the design process. At the end,
four ways in which the i|o cards can be used to support creative activities
are discussed.
Keywords: design process, design tools, interactive products

Conference Proceedings

213

Gabriela CARNEIRO, Gil BARROS and Carlos Zibel COSTA

Introduction and motivation
External representations, such as language and graphics (Scaife &
Rogers, 1996), are important to support the externalization of ideas during
a design development. In a recent article, Dix and Gongora (2011:31)
explore the idea saying that “externalization involves the embodiment,
representation and exploration of our own thoughts”. As the authors state,
“externalization is the step beyond, the active shaping of the world as an
intellectual resource, maybe a uniquely human ability and certainly the
foundation of culture and civilization” (Dix & Gongora, 2011:31). In a way,
it is a crucial element on the endless human effort to shape the world.
Externalization can take many forms and serve many purposes (Dix &
Gongora, 2011), still it is usually accompanied and facilitated by external
representation. Language and body gestures can be accompanied by all
kinds of tools and techniques, such as sketches, prototypes, models,
images and movies. Designers make use of every means of expression
they can envision and attain while developing an idea themselves or within
a group context, as well as when they have to communicate their projects
to others.
One approach to facilitate externalization and communication during the
design process is to organize blocks of contents into tangible paper cards
(Halskov & Dalsgard, 2006). These tools can range from very simple
solutions, such as writing down words or printing images to stimulate
associations, to more complex and elaborate ones, such as the
experience design cards, developed by Shedroff (2009) and the methods
cards, developed by the design company IDEO (2002). According to
Moggridge (2007:669), “each of the fifty-one [methods] cards contains
exploratory text about how and when the [research] method can be used
and a brief example of its application to a real design project, with an
illustrative and sometimes whimsical image on the other side”.
One of the ideas behind developing and using these tools is that once they
are designed, the application techniques can vary according to the
context. As Shedroff (2003:162) states, “simply shuffling through the cards
and posing the questions creates an opportunity for designers to
remember to address more issues than might be in the initial project brief.
The innovation consists primarily in convenience, and designers, of
course, can create their own cards that address their own issues and
processes”. When used in the context of a design process, cards are not
prescriptive; rather they act as a support for inspiration, organization and
communication of ideas.
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To share the findings and contribute to experiences that apply paper cards
as a support for externalization during the design process, this article
introduces and describes the i|o cards, a card set that can be used as
stimulus within creative activities in the design of interactive artifacts. For
the purpose of this proposal, these artifacts comprehend the whole range
of wearable devices, objects, installations and spaces in which physical
instance and electronic behavior are integrated. They are an outcome
from a context where “these two trends – the massive increase in
computational power and the expanding context in which we put that
power to use –both suggest that we need new ways of interacting with
computers, ways that are better tuned to our need and abilities” (Dourish,
2003). Specifically the cards can be used to help design processes with
focus on physical computing concepts and technology (O’Sullivan & Igoe,
2005).
With the purpose of presenting and discussing this tool, first the cards are
presented in detail. To illustrate and stimulate the discussion, three
workshops where the cards were applied are presented, as well as the
findings that have been guiding its development. Next, the potential and
limitations of this tool are organized and discussed. To conclude, since
this is an ongoing project, the actual state and next steps are outlined.

i|o Cards
The i|o cards compose an open source tool of 31 paper cards, divided into
two main categories, namely structure and behavior. The 24 cards from
the structure group symbolize technical elements of the interactive artifact
and the eight cards from the behavior group represent content issues from
the interaction that the artifact mediates. The name, “i|o cards” holds this
division, where “i” stands for inputs, “o” for outputs and the character “|”
represents what happens between these two extremes, in other words, the
implemented behavior.
The structure cards were inspired by the basic components a novice
interested on sensing and controlling the physical world with computers
gets to know (O’Sullivan & Igoe, 2005). This category is divided into four
others sub-categories, as illustrated at Figure 1, composed by elements
that sense, act, control and communicate. The behavior cards contain
concepts considered important when designing how and when the system
will perform the actions. The main motivation is to provide a common
grammar of components and concepts to participants from different
backgrounds and make possible the communication between people,
including those with no prior knowledge of these issues.
In addition, during the workshops, a small amount of blank cards is always
provided, in a way that participants can add features not included on the
Conference Proceedings
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card set. This is important since, on the one hand, the card set is
supposed to inspire the imagination and the blank cards gives room for the
unexpected; on the other hand the way participants use these blank cards
inspires revisions and new versions.

Figure 1: 23 structure cards subdivided into 12 sensors (orange square), 7 actuators
(purple square), 1 sensor/actuator (pink square), two communication devices (grey
rectangles) and one microcontroller (top right rectangle).

Figure 2: Front side (purple) and backside (white) from the 8 behavior cards, showing key
issues for designing the interaction - Interaction, rules, senses, feedback, time,
technology, narratives, and participants.

The way the cards are designed aims to hide unnecessary complexities at
the same time that they play an informative role. Each card represents, as
separate entities, one aspect from the behavior potential and the physical
constrains of an interactive artifact. They allow participants to explore
consistent ideas focusing on the design rather then limited by technical
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constrains. During a creative workshop, the fact that users can point to,
discuss with and pass around cards, supports communication and
encourages social interaction. They can be applied in different contexts,
as this paper will show.

Method, application and specific results
The strategy adopted to develop the i|o cards involved personal practical
experience of programming sensors, actuators and microcontrollers, jointly
with readings about the topic and the three workshops in which the cards
were applied. From one workshop to the other, an evaluation was done
with the aim to better understand and recognize latent possibilities and
improvements regarding the overall activity, specific content and layout.
Since the beginning it was clear that both issues - structure and behavior were essential. For the first version, the structural cards were based on
specific literature about physical computing (O’Sullivan & Igoe, 2005) and
the behavior cards content was firstly obtained from a tool called
“Exchange Pieces” (Mongiat & Snook, 2007). The actual version,
presented earlier in this article, derived from a general review made after
the second workshop, when graphics and content were improved.
Three workshops already applied the tool and are analyzed in detail in this
article. Two of them happened in the context of a design conference
(workshop 1 and 3) and one time they were used to support the
development of a specific project (workshop 2). They all consisted of
controlled activities where groups of participants worked together with the
goal to design concepts of interactive artifacts.
To summarize, in workshop 1 and 3, the participants were designers with
different backgrounds. The goal was to make possible, in a short time, a
grounded conceptual development of an interactive artifact, and the
participants themselves decided the context and purpose of the designed
object. Workshop 2 was part of a specific project and the activity had a
defined task, to come up with possible sensors and behaviors to be
implemented on an interactive environment, the main office of a design
company. Table 1 shows a summary of the structure from all the
workshops.
The approach to how data was collected varied according to the
workshops’ contexts, although it kept significant common aspects. They all
included photos from the activity and generated written documents
containing participants’ feedbacks that were later coded and organized in
order to gain insights about the tool and the activity.
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Workshop 1

Workshop 2

Workshop 3

Context

Design
conference

Architecture
Office

Design conference

Participants

20

10

6

Mixed
Background background

Clients, users,
designers,
researchers.

All designers, two
with programming
background

Groups

4

2

2

Design behavior
possibilities for a
specific
interactive
environment

Design an
interactive object

Design task

Design an
interactive object
and use the cards
to depict the
structure and the
theatrical
storyboard to
show the concept

Cards used

All

Behavior, sensors All

At the same time

Group 1: behavior All groups:
then structure
behavior then
Group 2: structure structure
then behavior

Personal
belongings

Space floor plan

A cardboard box

Questionnaire,
pictures

Final presentation
audio record and
transcription,
written personal
opinion

Questionnaire,
pictures, written
design process
description

Cards order
Support
Material
Data
collection

Table 1
Comparison between the structures from the workshops.

To elucidate the workshops contributions to the cards development, the
structure and achieved insights from each activity are described in detail.
As different workshops have different organizations, this examination is
also useful to support upcoming applications of the i|o cards.

Workshop 1
The first workshop, which happened during a design conference, was the
main motivation for the cards creation. Twenty designers, within graphics,
products, web and game, composed the participants; five of these were
also involved in teaching activities. The activity lasted four hours and the
task embraced two different techniques: the i|o cards to conceive and
structure the object and the play-acting storyboard technique to illustrate

218

Conference Proceedings

ilo Cards: A tool to support the design of interactive artifacts

and communicate the concept. Some of the final artifacts are illustrated at
Figures 3, 4 and 5.

Figure 3: Storyboarding (left) and structure (right) of a device to assist deaf people. When
the bell rings, the device shakes signaling that there’s someone at the door.

Figure 4: Storyboarding (left) and structure (right) of two pillows that triggers the smell of
partners while they are living in different cities.

Figure 5: Storyboarding (left) and structure (right) of a wearable device used to
communicate simple and predefined messages between co-workers, such as “I’m done”
and “Stop for a coffee?” through light and vibration.

At the end, the participants were asked to answer a questionnaire to
provide feedback regarding the overall activity and the cards. Generally
the activity was very satisfactory and people felt that they’ve learned new
content while doing it. They mentioned that the workshop was helpful to
better understand the principles behind the digital technology. It introduced
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the topic to novices at the same time as it contributed to a deeper
understanding by those who were already familiar with it.
To get in touch and discuss about the structure of such artifact lead the
participants to better understand the complexities that lie behind the
development of this kind of object. They highlighted the importance to
think about the object not as a single entity, but to think about it as a
physical interface between the user and a bigger and connected system.
With the activity, some realized that time and social interactions are the
key issues while designing these artifacts. The overall difficulties regarded
mainly the technical aspects, which can be attributed to the lack of
experience with physical computing principles from most of the
participants.
Regarding specifically the part of the activity when i|o cards were applied,
the results were also satisfactory, with a lot of input for further
improvement. According to the participants, the cards helped them to
understand the basic concepts of physical computing. The support
provided by the cards was compared to the development of a flow chart, a
graphic representation, using symbols interconnected with lines to
describe a system. Its informative design also led one participant to
comment about its potential application on teaching activities.
As expected, since this was the first time the cards were used, the results
indicated a lot of improvement opportunities. About the initial explanation,
some participants pointed the importance of illustrating every component
with examples or even bring a real functioning microcontroller to support
the descriptions. Regarding the way the activity was conducted, they
suggested that it could be a good strategy to start first with the concepts
and later define the structure.
Concerning the cards content, the most criticized group was the structure
one. The participants suggested several other components, some very
specific, such as smell and heat actuators, and others that are essential,
such as communication devices. They pointed that the input and output
icons, logic and differentiation was confusing and that maybe it could be a
good idea to include descriptive texts on these cards.

Workshop 2
The second workshop where the cards were adopted consisted of a
project-specific set. The workshop was part of the development of an
interactive space designed to be the office of a digital producer, a
company that works together with advertisement agencies to produce web
sites and applications. It was an essential part of the process for two
reasons; on the one hand it supported the architects to come up with
solutions grounded on the real needs and expectations from clients and
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users, on the other hand, it improved the understanding of the
potentialities that lies behind this kind of innovative space.
The goal was to promote a collaborative activity to come up with ideas to
one specific part of the project, that is, the type and location of sensors
and the interactions that would happen in the space. Ten people
participated on the activity: 2 clients/users, 2 users, 3 architects, 1
electrical engineer, 2 researchers on architecture and digital technology.
Just part of the i|o cards were adopted – sensors and concepts – together
with the drawing of the space plan as a support material.
In this case, the order in which the groups received the cards was
alternated as shown on Table 4. The data for further evaluation was
gathered through pictures and movies taken during the activity, the
transcription of the final presentations and e-mails sent by the participants
evaluating the activity. Regarding the i|o cards, the activity validated their
utility at the same time that it provided a context for its further
improvement. Within the project context, the workshop was essential for its
development, as earlier explored by Carneiro, Barros and Costa (2011).
The comments regarding the overall activity highlighted the value of
collaboration and also the presence of participants from outside of the
project - in this case they were mentioning the invited researchers.
Participants recognized the workshop as an important opportunity to
enhance the empathy between clients and service providers. In order to
make it work, they also pointed out the importance of immersion during a
controlled activity.
One of the main overall achievements was to provide an environment
where all the participants were able to better understand the proposal. The
support material – i|o cards and floor plans – were essential to mediate the
process of having ideas and organizing them within a group activity. Since
the interactive system can be reprogrammed and reconnected by the
users in the future, the workshop was also an exercise where the
participants were able to have “ideas for other ideas”.
Regarding the i|o cards one main consensus was observed between the
groups: the order in which the cards arrive is important and, more than
that, the behavior cards should always come first. The groups stated that
talking about the content of the interaction was, for sure, the first natural
issue that came into the conversation. The group that later got the
behavior cards used them just as a checklist, demonstrating that even
without them they had already covered their topics. The only
recommendation was to better develop the transition between the cards.
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Figure 6: Group 1 – the discussions were summarized on a personal notebook instead of
relying on the support material (left). Their focus was mainly on the concepts; the
structure cards were used more as a silence breaker (middle and right).

Figure 7: Group 2 – all support material was widely used, during the discussion and also at
the final presentation. In addition to the floor plan, they also sketched the light wall to
support the discussions (middle). At the end they organized all ideas on the floor plan
(right) and used it during the presentation.

Group 1 (Figure 6) adopted the cards mainly as a stimulus to when
conversation slows down. Participants stated that they were useful more
to guide the discussions that to deeply determine their content. For
example, even with the existence of the structure cards, discussions never
deeply touched technical issues. Group 2 (Figure 7) emphasized the role
played by the support material. They used the cards and floor plan
together during the whole development process and also at the final
explanation, structuring and illustrating their ideas.

Workshop 3
The last workshop where the cards were applied was also a design
conference, this time with six participants from different parts of the world.
Two of them were studying interactive product design and the others were
also designers but without previous knowledge of physical computing
techniques. For this activity, the cards were slightly modified, according to
the inputs received on the previous workshops. The cards used on this
workshop are the actual ones, described in the beginning of this article.
The assignment comprehended the design of an interactive object using
as a support material the i|o cards and a cardboard box. As presented at
Table 4, this time both teams first designed the concept and behavior, to
later think about and develop the structure. The final ideas are illustrated
at Figures 8 and 9.
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Figure 8: Sketches and cardboard prototype from group one - a teddy bear that enhances
the relationship between child and parents. It gathers abstract data during the child’s
day, such as movement, squeezing and sound, and gives it back at night when the bear is
put to sleep.

Figure 9: Sketches and cardboard prototype from group two - an artifact that remixes
glimpses of memories, composed of two parts that collect information along the day. One
person carries one part and records images, the other records sounds. When they touch
each other, the contents are mixed into one single collective memory.

The participants were asked to answer a questionnaire about the activity
and the i|o cards. One big difference from this workshop when compared
to the previous ones is the presence of participants with previous
knowledge on physical computing, both stated that the content from the
initial explanation has to be prepared according to the workshop audience.
This has notably been a challenge; to define the amount of information to
be given to mixed audience in order to keep it simple and informative.
The participants also stated that they prefer to spend more time first
discussing the idea before structuring it. In a group context, it would also
be a good idea to allow initial individual thinking before discussing the
ideas with the partners. This could open up more ideas opportunities and
would avoid that only one group member leads the decisions.
It was marked that the cardboard box was a useful tool, but maybe there
could be more than one option to better suit the ideas. It was also noted
that in a way, the cardboard also limits other important aspects such as
colors, textures and shapes. It is the good and limiting aspects of the
same solution.
The review done on the structure cards had a positive impact. Some
content suggestions – display and speaker – were accompanied with an
interesting critique. That the next development could focus on different
levels of abstraction, to be applied according to the context and audience.
On a higher level the solution would be to treat aspects such as movement
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instead of motor, for example. When the design gets refined, lower levels
defining the technical solutions would then be used.
For the first time, maybe because the structure cards reached a good
development level, the main focus of critiques were the behavior cards,
particularly regarding the guidance about their use and manipulation. One
idea was to specifically ask participants to arrange them on a sheet of
paper with connections and importance. It was clear that the way this
group is introduced needs more attention.

General Results and Discussion
It was clear, during the workshops, that the i|o cards positively supported
the teams to complete the proposed tasks. To take more advantage of this
observation, it is important to systematize and discuss these contributions.
The employment of the cards within the described contexts lead to the
recognition of four ways in which they can support the design process of
interactive artifacts:
1. The i|o cards introduce a common vocabulary within participants
from different backgrounds. When teams are composed by designers
with different backgrounds, professionals from varied disciplines, or even
include clients and users, the i|o cards provides a common vocabulary to
be used as a bridge between participants during the design process. The
participants pointed that the tool allowed the development of a fast and
concise idea, even between groups of people who have never met each
other and came from diverse fields.
2. The i|o cards are valuable resources to trigger conversations. At
the beginning of the design process or when the group runs out of ideas,
the cards can be used to stimulate conversation and open up new design
possibilities. As suggested by one of the participants, the cards could also
be used privately to support individual projects.
3. The i|o cards help participants understand and refine the structure
of the artifact. Vague ideas become clearer by the process and the cards
facilitate the detailed structuring of the artifact. As participants understand
the pieces, the resulting idea is always well grounded within real
possibilities.
4 . The i|o cards support ideas visualization and communication. At
the end of each workshop, groups were asked to present the artifact they
developed. The cards, together with the support material, were key
elements to guide the presentations.
Even not being the main focus, the process of preparing the workshops
stimulated several thoughts and understandings regarding the setup of
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controlled creative activities. It showed that the activity itself consists on a
design problem and the same effort a designer usually spends on
designing an object should also be applied to create a collaborative
workshop. Thinking this way, a creative workshop would fit into the same
category of designing creative experiences. But this is a subject that
deserves another paper.
One of the limitations that can be found on the method applied to develop
the i|o cards is that the same problem was never done twice, for example
with and without the cards. By the other side, thinking about doing the
same workshop without the cards would lead to a complete review of the
whole activity. At the end, it would be a completely different context, with
no parameters for comparison.
These results do not represent the full reality. If, on the one hand, the i|o
cards can be used to trigger and stimulate ideas, on the other hand side
they also present noticeable limitations. There are a lot of features that are
not covered by the representations. Anyhow, the workshops elucidated an
interesting spectrum in which the i|o cards can be of great utility.

Conclusion
What was first created as a support material to one specific workshop is
now a tool with great potential. The i|o cards are suitable to support the
design process of different kinds of interactive systems, not only
interactive artifacts. A new version is currently being developed as an
outcome of the workshops described and analyzed in this paper.
Further improvement will be done concerning the organization of different
layers of abstraction. The idea is to develop a tool with different levels of
abstraction that ranges from specific technical constrains to general and
abstract features. The way this is going to happen is still open, but one of
the ideas is to link the cards with online content. The goal is to create not
just a tool, but also a system of tools to support the design of interactive
artifacts.
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